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(54) DIELECTRIC WAVEGUIDE UNE AND WIRING SUBSTRATE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a dielectric waveguide 
line with stable characteristics in a highHrequency area which 
can be used as a transmission line in a multilayered substrate 
with high density or a semiconductor package, and which can 



be easily manufactured by using a laminating technique. 
SOLUTION: This device is provided with a pair of main 
conductive layers 2 and 3, interposing a dielectric substrate 1, 
a dielectric waveguide line 5 formed of an area surrounded by 
a via hole 4 group in two rows formed for electrically 
connecting the main conductive layers 2 and 3 with intervals 
less than an interrupting wavelength in a signal transmitting 
direction, and a sub-conductive layer 6 formed between the 
main conductive layers 2 and 3. and electrically connected 
with the via the hole 4 group. Moreover, the dielectric 




substrate 1 is constituted of ceramic materials, so that the 
stability of characteristics in a high-frequency area can be 
improved. 
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* NOTICES * 

JPO and INPIT are not: responsible fox any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The Bahia hall group of two trains formed so that between said conductor layers might be 
electrically connected at intervals of below cutoff wave length in the initiative body whorl and the 
direction of signal transduction of the pair which pinches a dielectric substrate. The dielectric- 
waveguide track characterized by transmitting an electrical signal by the field which was electrically 
connected with said Bahia hall between said conductor layers, and possessed said conductor layer 
and the subconductor layer formed in parallel, and was surrounded by said initiative body whorl, 
said beer hall group, and said subconductor layer. 

[Claim 2] The dielectric-waveguide track according to claim 1 characterized by said dielectric 
substrate consisting of a ceramic ingredient. 

[Claim 3] In the wiring substrate with which the track for transmitting an electrical signal to a 
dielectric substrate was formed said track The Bahia hall group of two trains formed so that between 
said conductor layers might be electrically connected at intervals of below cutoff wave length in the 
initiative body whorl and the direction of signal transduction of the pair which pinches a dielectric 
substrate, The wiring substrate characterized by connecting with said Bahia hall electrically between 
said conductor layers, and providing said conductor layer and the subconductor layer formed in 
parallel. 

[Claim 4] The wiring substrate according to claim 3 characterized by said dielectric substrate 
consisting of a ceramic ingredient. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to wiring substrates, such as a multilayer- 
interconnection substrate, a semiconductor package, etc. possessing the dielectric-waveguide track 
for mainly transmitting the signal of RFs, such as microwave and a millimeter wave, and it. 
[0002] 

[Description of the Prior Art] Conventionally, as a track for transmitting the signal of the RF of 
microwave or a millimeter wave, a waveguide, a dielectric waveguide, the strip line, a microstrip 
line, etc. are known. 

[0003] Moreover, in JP,6-5371 1,A, as shown in drawing 3 , the dielectric substrate 1 1 is pinched by 
the conductor layers 12 and 13 of a pair, and the waveguide track which formed the side attachment 
wall further by the conductor layer 12 and two or more Bahia halls 14 of two trains which connect 
between 1 3 is also proposed, the false conductor according [ this waveguide track ] the four way type 
of dielectric materials to conductor layers 12 and 13 and the Bahia hall 14 ~ surrounding with a wall 
— a conductor ~ the Kabeuchi field 15 is made into the track for signal transduction. 
[0004] 

[Problem(s) to be Solved by the Invention] However, there are the following troubles in the track of 
these former. First, although the strip line or a microstrip line is very simple for the configuration 
and it is suitable for production by the lamination technique, there is a trouble that a transmission 
characteristic deteriorates, with a millimeter wave band 30GHz or more. 
[0005] On the other hand, although the waveguide is very excellent in the transmission 
characteristic, there is a fault that it is large in size. For example, even if it is standard 60GHz 
rectangular waveguide of the bore is 3.76mnixl.88mm and is too large for applying to the 
multilayer substrate or semiconductor package for microwave or millimeter waves. On the other 
hand, when the dielectric waveguide with which the dielectric was got blocked in the interior sets 
specific inductive capacity of a dielectric to epsilon, waveguide size is l/epsilonl/2. Since it 
becomes, size of a waveguide can be made small by using a dielectric with large specific inductive 
capacity, however - fiindamental - the outside of a dielectric - a conductor — since it needed to be 
covered with the wall, it was difficult to produce with a lamination technique. 
[0006] Moreover, the waveguide track using the dielectric substrate shown in JP,6-5371 1,A is 
excellent in the point of aiming at improvement in productivity while attaining the unification with a 
dielectric substrate and a waveguide. However, there was a problem of changing a transparency 
property by slight fluctuation of the fi-equency to be used. Moreover, the fi-equency to be used is 
restricted in order to apply to a multilayer substrate or a semiconductor package, when the specific 
inductive capacity of a dielectric substrate is low. For example, it is unrealizable unless it is RF 
region about lOOGHz or more, in order to set transmission-line width of face to 1mm or less. 
Moreover, since many dielectric substrates had the large dielectric dissipation factor, they had the 
trouble [ structure / waveguide ] that dielectric loss was very large. 

[0007] Therefore, the purpose of this invention is available as the transmission line in a multilayer 
substrate or a semiconductor package, and is to offer a producible dielectric-waveguide track and a 
wiring substrate easily using a lamination technique. 
[0008] 
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[Means for Solving the Problem] the result of having repeated examination about the trouble of the 
above [ an artificer ] — the side face of the conventional dielectric waveguide — a conductor — a wall 
— instead of — many things, for which the transmission characteristic which was excellent by 
forming the subconductor layer electrically connected with this Bahia hall while surrounding by the 
Bahia hall is acquired — moreover When a dielectric substrate was desirably formed with the 
ceramics of a high dielectric constant, with the multilayering technique that it can respond to 
microwave or a millimeter wave, and usual, it could produce easily, found out that a track applicable 
to a wiring substrate, a package, etc. of high density was acquired, and resulted in this invention. 
[0009] Namely, the dielectric- waveguide track of this invention is spacing below cutoff wave length 
in the initiative body whorl and the direction of signal transduction of the pair which pinches a 
dielectric substrate. It is the dielectric-waveguide track which the field surrounded by the Bahia hall 
group of two trains formed so that between said conductor layers might be connected electrically 
comes to form. It is characterized by having connected with said Bahia hall electrically between said 
conductor layers, and forming a subconductor layer in said conductor layer and parallel. Moreover, it 
is characterized by forming as a track for transmitting an electrical signal [ in / for this dielectric- 
waveguide track / a wiring substrate ], and is further characterized by constituting said dielectric 
substrate with a ceramic ingredient. 
[0010] 

[Embodiment of the Invention] Hereafter, this invention is explained, referring to a drawing. 
Drawing 1 is an outline perspective view for explaining one example of the dielectric-waveguide 
track of this invention. As for a dielectric substrate, and 2 and 3, in drav^dng 1 , 1 is [ an initiative 
body whorl and 4 ] the Bahia halls. 

[001 1] According to drav^ng 1 , the conductor layers 2 and 3 of a pair are formed in the location 
which pinches the dielectric substrate 1 of predetermined thickness a. Conductor layers 2 and 3 are 
formed in the whole surface of the vertical side of the dielectric substrate 1 which faces across a 
track formation location at least. Moreover, between a conductor layer 2 and 3, many Bahia halls 4 
which connect conductor layers 2 and 3 electrically are formed. The Bahia hall 4 has the 
predetermined spacing b, and is formed with the predetermined spacing c in the direction of signal 
transduction, i.e., the track formation direction, at two trains. Although there is especially no limit to 
the predetermined spacing a, in using by the single mode, to said spacing b, it is good to consider as 
about b/2 and 2b extent, and the predetermined spacing c forms the electric wall by being set as 
spacing below cutoff wave length. 

[0012] Since a TEM wave can be spread between the conductor layer 2 of a pair set in parallel, and 
3, if the spacing c of the Bahia hall 4 is larger than cutoff wave length lambdac, even if it supplies 
electric power to this track in an electromagnetic wave, it will not spread along with the false 
waveguide made here. However, if the Bahia hall spacing c is smaller than electric shielding 
wavelength lambdac, an electromagnetic wave cannot be perpendicularly spread to the transmission 
line, but it will be spread in the direction of the transmission line, reflecting. Consequently, 
according to the configuration of drawing 1 , the field of the size of axb serves as [ the cross section 
surrounded by conductor layers 2 and 3 and many Bahia hall 4 groups ] the dielectric-waveguide 
track 5. 

[0013] in addition, the false conductor according [ although Bahia hall 4 group was formed in two 
trains in the mode of this drawing 1 , arrange this Bahia hall 3 group in four trains or six trains, and ] 
to the Bahia hall 4 — forming a wall in a duplex and Mie ~ a conductor — the leakage of the 
electromagnetic wave fi-om a wall can be prevented more. 

[0014] Since it becomes a dielectric waveguide, when specific inductive capacity of the dielectric 
substrate 1 is set to epsilon according to the above-mentioned waveguide track, waveguide size is 
l/epsilonl/2 of the usual waveguide. It becomes magnitude. Therefore, waveguide size can be made 
small and becomes the multilayer-interconnection substrate with which wiring is formed in high 
density, or magnitude available as the transmission line of a semiconductor package, so that an 
ingredient with large specific inductive capacity constitutes the dielectric substrate 1. 
[0015] Although it does not especially limit if it has the property which functions as a dielectric and 
does not bar transfer of a RF signal as a dielectric substrate 1 in this invention, as for the dielectric 
substrate 1, fi-om the point of the precision at the time of forming a track, and the ease of 
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manufacture, consisting of ceramics is desirable so that it may mention later. 

[0016] Although the ceramics which has various specific inductive capacity as dielectric ceramics 

until now is known, in order to transmit the signal of a RF on the waveguide track of this invention, 

as for the dielectric ceramics, it is desirable that they are paraelectrics. Generally this is because as 

for the ferroelectric ceramics dielectric loss becomes and transmission loss becomes large in a RF 

field. Therefore, four to about 100 are suitable for the specific inductive capacity of a dielectric 

substrate. 

[0017] Moreover, when it uses so that the upper part may become the electromagnetic-field 
distribution which an H plane, i.e., time amount, rolls in parallel with a maximum field using the 
ingredient of specific inductive capacity 100 since the line breadth of the wiring layer generally 
formed in a wiring substrate or a package was 1mm at the maximum, the minimimi fi^equency which 
can be used is computed with 15GHz, and becomes available even in a microwave range. On the 
other hand, although resin is generally used as a dielectric substrate, since specific inductive capacity 
is about about two, when line breadth is 1mm, it cannot be used unless the dielectric which consists 
of this resin is about lOOGHz or more. 

[0018] Moreover, all paraelectrics are not available although there is much what has a very small 
dielectric dissipation factor in such paraelectrics ceramics like an alumina and a silica. In the case of 
a waveguide, there is almost no loss by the conductor and most loss at the time of a signal 
transmission is loss by the dielectric. The loss alpha by the dielectric (dB/m) is expressed as follows. 
[0019] 

alpha=27.3andtandelta/lambda/{l-(lambda/lambdac) 2} 1/2 Inside of a formula, tandelta: Dielectric 
dissipation factor lambda of a dielectric : The wavelength in a dielectric, lambdac : When it applies 
to the rectangular waveguide (WRJ series) configuration by which cutoff wave length 
standardization was carried out, it is {l-(lambda/lambdac) 2 } 1/2 of several 1 inside. It is about 
0.75. Therefore, in order to carry out to below the transmission loss -100 (dB/m) that may ** to 
practical use, it is required to choose a dielectric so that the following relation may be materialized. 
[0020] f is a firequency (GHz) to be used among f-epsilon 1/2, and tandelta<=0.8 type. 
[0021] Furthermore, according to this invention, it connects with the Bahia hall 4 wWch forms the 
side attachment wall of a waveguide track among said initiative body whorls 2 and 3, and the 
subconductor layer 6 formed in parallel with the initiative body whorls 2 and 3 is provided. If it sees 
fi*om the interior of a waveguide track by formation of this subconductor layer 6, the side attachment 
wall of a track is the shape of a fine grid by the Bahia hall 4 and the subconductor layer 6. Therefore, 
the shielding effect of the electromagnetic wave from a track can be heightened. 
[0022] The manufacture approach of the waveguide track of the structure of drawing 1 is shown in 
drawing 2 . By this manufacture approach, the case where the ceramics is used as a dielectric 
substrate 1 is explained, and it can produce easily by the same approach as a ceramic multilayering 
technique. 

[0023] According to drawing 2 , a sheet-like Plastic solid (green sheet) is first produced for the 
ceramic powder which can form the dielectric substrate 1 by the doctor blade method or the rolling- 
out method. 

[0024] And as shown in drawing 2 , to a green sheet 7, according to each layer, printing spreading of 
the metallizing ink is carried out, or a hole is formed and it is filled up with metallizing ink. The 
initiative body whorl 2 is formed in green sheet 7A of the 1st layer all over a top face, and a hole is 
specifically arranged by two trains at intervals of b, it is filled up with ink in a hole and Bahia hall 4 
group is formed in the direction of a track at interval c. A hole is formed in the location where the 
subconductor layer 6 is formed in fields other than the track formation part of the track spacing b, 
and is electrically connected with the subconductor layer 6 at the track side, green sheet 7B of the 
2nd layer is filled up with ink, and Bahia hall 4 group is arranged in it with spacing c. And the 
subconductor layer 6 same with having formed in green sheet 7B is formed in a top face, and the 
initiative body whorl 3 is formed in green sheet 7C all over an inferior surface of tongue, and the 
Bahia hall group 4 is arranged in an inferior surface of tongue with spacing c at the track side so that 
it may connect with the subconductor layer 6 and the initiative body whorl 3 electrically. 
[0025] And after carrying out a laminating so that the Bahia hall 4 of the above-mentioned green 
sheets 7A, 7B, and 7C may have consistency, the waveguide track of this invention can be formed by 
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carrying out coincidence baking of these. 

[0026] When manufacturing with this coincidence baking technique (for example, when the 
dielectric ceramics is an alumina), an initiative body whorl, a subconductor layer, and the Bahia hall 
are formed with refractory metals, such as W and Mo, and, in the case of glass ceramics etc., the 
dielectric ceramics should just form an initiative body whorl, a subconductor layer, and the Bahia 
hall with copper, silver, etc. 

[0027] Although above-mentioned drawing 1 and drawing 2 were explained only paying attention to 
the structure of a dielectric-waveguide track, this waveguide track is arranged in a substrate with 
radio frequency transmission line ways, such as other microstrips, a strip, and KOPURENA, a wiring 
layer and the Bahia hall, and a through hole as one track which bears the signal transduction in those 
which deals with a high frequency signal, such as a multilayer-interconnection substrate and a 
semiconductor package. 
[0028] 
[Example] 

Using the crystallized glass of specific inductive capacity 9.6 and a dielectric dissipation factor 
(tandelta) 0.006 as a dielectric substrate 1, 40GHz [ of examples of a comparison ] dielectric 
characteristics formed the initiative body whorl and the Bahia hall by copper metallizing, carried out 
coincidence baking at 900 degrees C, and formed the waveguide track in drawing 1 , without 
forming a subconductor layer. In addition, f-epsilon 1/2, and tandelta are 0.8 or less in the range 
whose frequency f is 0-43GHz. 

[0029] Size is b= 2mm (WRJ-34 specification correspondence) in the dielectric thickness of a= 
1mm, and track width of face. Moreover, the die length of 0.16mm and a track set the diameter of 
the Bahia hall to 25mm at intervals of [ of c= 1mm ] the Bahia hall. The result of having evaluated 
the transmission characteristic of this waveguide track is shown in drawing 5 . Although it was 
thought that there was about -2dB of loss of the waveguide input section, the property that S21 is 
about -5dB was acquired above 30GHz. 

[0030] The waveguide track of the same size was formed like the example 1 of a comparison except 
forming the two-layer subconductor layer 6 for example 1 lamination like drawing 1 . However, the 
dielectric ceramic substrate 1 was made into the three-layer laminated structure of a thing with a 
thickness of 0.33mm as shown in drawing 1 and 2. The evaluation result of the transmission 
characteristic is shown in drawing 4 . The transmission characteristic was excellent as compared 
with drawing 5 when not preparing a subconductor layer, and the outstanding property whose S21 is 
about -2.5dB in 25GHz - 40GHz was acquired. It turns out that S21 is a flat and the property is stable 
to fluctuation of a frequency in a RF field 25GHz or more especially. 
[0031] 

[Effect of the Invention] While the waveguide track of this invention forms the side attachment wall 
of a waveguide track by the Bahia hall as explained in fiiU detail above By constituting a dielectric 
substrate with the ceramics fiirther by forming the subconductor layer connected to the Bahia hall 
The conventional ceramic laminating technique can be applied and it can produce easily. Moreover, 
by using the ceramics with high specific inductive capacity, it can apply to a multilayer- 
interconnection substrate, a semiconductor package, etc. of high density wiring enough, and the 
waveguide track of the property stabiHzed from the microwave to the millimeter wave can be 
formed. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT axe not responsible for any 
damages caused by t:he use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawin g 1] It is an outline perspective view for explaining the mode of the waveguide track in this 
invention. 

[Drawin g^] It is an outline perspective view for explaining the manufacture approach of the 
waveguide track of drawin g 1 . 

[ Drawin g 3] It is an outline perspective view for explaining the conventional waveguide track. 
[Drawing 4] It is drawing showing the transmission characteristic of the waveguide track of drawing 

[Drawing 5] It is drawing showing the transmission characteristic of the waveguide track of drawing 

[Description of Notations] 

1 Dielectric Substrate 

2 Three Initiative body whorl 

4 Bahia Hall 

5 Waveguide Track 

6 SubConductor Layer 

[Translation done.] 
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DRAWINGS 



[ Drawing 1] 
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[Drawin g 2] 

4 




[Drawing 3] 
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T * " ;i' 4 i araWtJl 6 {c J; •c«ffl«>«clS^tt«:& o 
Ti^^. se-^r. ^K{3^6®SI»ifi®)lSlS»»««ilSi&& 

[ 0 0 2 2 ] SI 2 icei 1 <Dmt(Dmmmmm<Dmm^m 

(0 023)0 2 «:^n«. gis(*a« 1 =s:BfS. 
[002 4] -eot:. a2tcm-r<t5«:. d/y-^i/- 



5 

- jnwjgfiE iti^iy9 *J3is«i 3 nr /< r J^ - ju 4 

±m^M^t\. lausjastcw. sijifi*«6i£^(*jB3 

[0 02 5] ^Ur. ±fB«>yy->t'-h7A. 7 
B. 7C©-'<-rTJ^-iU4*iS^T6J:^{C||SU:fe 

«g!iS'S:^fi!t-r « C & AtT» ^. 
(0027] ±3a<Dis 1 . SI2 ». 3imi4:i$r$ei^S8a> 

[0028] 

4 0GHz-r<Di!fi#lt3>i. ItilS^O. 6. SSSiEfil 
(tan<5) 0. 0 0 6©5!/^;^-fe^5 ?'i';^!S:S§Si* 

af^-/x«:j:r>rjeBRu. 9 o 0*Ct?iai^«5l«l/'C. s 

ic tiis^ f . e'" • lan.5W. ^«»f*iO~4 
3GHz®«5lffl-(?0, 8«T-C*S. 
[0029] If X»i!S^J9;!^a = 1 mm. WSmh 



(4) ^Pflip 10-75108 

6 

= 2 mm (WRJ -3 4««JtlS) -C*4. */t. f^-i 
r*-iHBIHSc= lmm"C. v<-/r>^-^U|5«r0. 18- 
mm. ll8g®S3«2 SmmiUfc. C®^i8m«S8® 
e26iHftt*»(iBl^/ctt*4ia5{c,T^-r. j»««A;*3SB© 
!M^(l-2 dB^«>&d:«it6n^«i. 3 0GHzJa 
±t? S 2 1 *i - 5 d BSfi©i»t4Al^6nfc. 
(0 03 0) 

li«fiR«iai®J:^«:. 2B©IiJi9«:»6 4J^fiS^5JM 

1. 2{C^1-J;5«:. miO. 3 3mm®t©©3a8l 
S^S^OTc. ia4(C-&©1sjS4$1$©i¥liB^I^'&^t-. 

n. 25GHz~40GHz-CS2 1*1-2. 5 d B?i 
lS©fitl*i!Nptt3&iff 6 n/c. #tc. 2 5 G H z «±©i9i 

[003 1 ] 

[||i»©]ll9!lM] Ji{±S^]£C/:^:jB>9. :^mi<i!>miWm 
20 «. i»iS«*S^©{BIS*-'f-^Ts^--'i'«cj:or?g^S 

J:r>r«tfiS;^4c<k{cJ:-:.t:. SfstWQHz^ 5 ^ d^xfSJS 
*. -^-/^PjUJj^pes yr«*-c3f«L/t:!Rf14©i||Eijfte« 

2&©«(Dgj^tgiax?<ib^. 

[i9 2 ] H 1 o>mmmm&(f>wt-mi>km\-r^ftifo<o 

(03} t£5te©2»itt@)iS88^ltil»-r^A:«t>©«IRSmiiI 

[04] [ai©^ii&@^©{c^H$i«t«m^a-c«2. 

(la 5 ] 3 ©^i!&1if«l88©£S|!t$1i&^-riS|-7«>^. 
1 9l«i^tt«i 

40 2 . 3 ^mwm 
5 

6 wmm 



(S) 



10-75108 



mi) 
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